Anil, L., Anil, S. S. and Deen, J. 2007. Effects of allometric space allowance and weight group composition on grower-finisher pigs. Can. J. Anim. Sci. 87: 139-151. The average daily gain (ADG; kg d -1 ), pen efficiency (PE; kg ADG m -2 floor space) and welfare indicators (injury levels, salivary cortisol concentrations and behaviour) of grower-finisher pigs were evaluated in groups of 19 barrows, at four levels of floor space allowances calculated mathematically (area = k × BW 0.667 ) using a constant k, (with values 0.027, 0.031, 0.034, and 0.037) for a mean final market weight of 116 kg and in two levels of group weight composition (uniform and varying weights -based on uniformity and variation of body weights of pigs within a pen at the beginning of the experiment). The corresponding space allowances (m 2 pig -1 ) at the market weight of 116 kg were 0.64 (SA0.64), 0.74 (SA0.74), 0.81 (SA0.81), and 0.88 (SA0.88). The data were analyzed using repeated measure ANOVAs and independent sample T tests. The pigs in SA0.64 had a lower ADG (0.859 ± 0.017), spent a lower proportion of time lying in preferred areas (55.22 ± 1.644) and had higher total injury scores (4.581 ± 0.139) and higher number of aggressions (1.94 ± 0.286) (P < 0.05 for all) than those in SA0.88 (0.936 ± 0.020; 61.02 ± 1.203; 3.858 ± 0.208; 1.08 ± 0.212, respectively) and SA0.81 (0.916 ± 0.019; 59.77 ± 1. 417; 3.855 ± 0.112; 1.24 ± 0.238, respectively). Pigs in SA0.64 had higher (P < 0.05) overall PE (1.344 kg ADG m -2 floor space) than those in SA0.88 (1.063 ± 0.023) SA0.81 (1.131 ± 0.024) and SA0.74 (1.224 ± 0.029) allowance treatments. Pigs in the varying weight group spent a higher (P < 0.05) proportion of time lying in preferred areas (59.73 ± 0.942) than the uniform weight group (57.08 ± 1.078). Pigs in SA0.74 and SA0.64 spent lower proportion of time (P < 0.05) lying isolated (2.76 ± 0.441 and 2.18 ± 0.372, respectively) than pigs in SA0.81 (4.52 ± 0.467). The uniform weight group exhibited more (P < 0.05) exploratory behaviour (8.83 ± 0.448) than the varying weight group (7.25 ± 0.356). On fully slatted floors, space allotted considering the final market weight of barrows corresponding to k values of 0.037 and 0.034 were better (P < 0.05) than 0.027 in terms of growth rate and welfare indicators. ,88 (0,936 ± 0,020; 61,02 ± 1,203; 3,858 ± 0,208; 1,08 ± 0,212 respectivement) et EA0,81 (0,916 ± 0,019; 59,77 ± 1,417; 3,855 ± 0,112; 1,24 ± 0,238 respectivement). Les porcs EA0,64 profitent d'une meilleure (P < 0,05) ES globale (1,344 kg de GQM par m2 d'espace) que les sujets EA0,88 (1,063 ± 0,023), EA0,81 (1,131 ± 0,024) et EA0,74 (1,224 ± 0,029). Les animaux du groupe à poids variable passaient plus de temps (P < 0,05) couchés dans leur coin préféré (59,73 ± 0,942) que ceux du groupe à poids uniforme (57,08 ± 1,078). Les porcs EA0,74 et EA0,64 passaient moins de temps (P < 0,05) couchés seuls (2,76 ± 0,441 et 2,18 ± 0,372 respectivement) que les sujets EA0,81 (4,52 ± 0,467). Les sujets du groupe à poids uniforme ont affiché plus (P < 0,05) de comportements d'exploration (8,83 ± 0,448) que ceux du groupe à poids variable (7,25 ± 0,356). Sur les planchers entièrement en caillebottis, l'espace alloué en fonction du poids de marché final des castrats donne de meilleurs résultats (P < 0,05) aux valeurs k de 0,037 et de 0,034 qu'à celle de 0,027, eu égard au taux de croissance et aux indices de bien-être.
Efficient utilization of pen space without adversely affecting the productivity and well-being of pigs is important for pork production. Previous studies on floor space allowance for grower-finisher pigs have been based on production performance (Edwards et al. 1988; Gonyou and Stricklin 1998) without considering other measures of the welfare of pigs. The effect of stocking density is mediated through area allocation and group size. Often, the method used to achieve a lower space allowance is by increasing the number of pigs per pen, thereby confounding floor space by group size. In many previous studies these two factors were confounded (Mitchell et al. 1983; Edmonds et al. 1998; Wolter et al. 2000) and, consequently, it is difficult to determine whether differences in performance are due to space or to the number of pigs in the group. The conventional method of providing a fixed space allowance from the beginning of the grow-finish period, regardless of the stage of growth, may affect the welfare of pigs. For instance, the National Pork Board (2003) recommends a space allowance of 0.74 m 2 pig -1 in groups for the body weight category of 68 kg to market weight. Assuming that pigs are marketed at 113 kg, it is improbable that the space requirements will remain sufficient and optimum for the entire growth period considering the body weight range in the recommendation. The conventional methods of space provision may result in providing excess space during early stages and insufficient space at later stages of growth. This lack of space during the later stages of growth may adversely affect the pigs' welfare. The point at which the pig's welfare is compromised is not clear. The animal and its physical dimensions are the primary determinants for defining space requirements (Petherick and Baxter 1981; Hurnik and Lewis 1991; Ekkel et al. 2003) . The space required by group-housed pigs includes both the static space (determined by its body dimensions) and the space needed to perform normal functions such as feeding, drinking, elimination, resting and interacting with other pigs. Lack of space may lead to suppression or displacement of one or more activities causing aberrant behaviour and physiological changes leading to poor welfare and economic performance (Petherick 1983) . Baxter (1992) proposed that space available for movement in groups is shared, so that if most animals are resting, an active animal will get more space than when it is housed individually. The free space availability in a pen depends on the number of pigs in that pen and the manner in which the pen space is utilized by the pigs. McGlone and Newby (1994) have also hypothesized that when a fixed total space is provided per pig, a direct relationship exists between group size and amount of free space. However, how much extra space can be taken away to minimize cost and to ensure efficient space utilization without adversely affecting well-being and production is not yet well understood. Therefore, the space allowance recommended based on conventional space allowance treatments may not be able to ensure both satisfactory levels of production and welfare along with efficient space utilization. Petherick and Baxter (1981) related space requirement to liveweight of the pig by a mathematically defined biological (allometric) relationship, considering size and shape of the pig and its behaviour relative to the manner in which the space is utilized. This, in turn, was used to calculate the total static space occupied by a group of pigs. However, additional space is required to allow animals to perform various behaviours. Based on allometric relationships, Petherick (1983) calculated the area required for a pig (A) using the formula:
A (m 2 ) = k × W 0.667 , where k is a constant and W is the body weight of the pig in kg.
Avoiding weight variation at marketing is essential to minimize discounts for pigs (Payne et al. 1999; Brumm et al. 2002) . The effect of rearing pigs of unequal weights together on the final weight of pigs and how space allowance can reduce final weight variation are elusive. A common methodology to study this aspect has been removing and remixing of the light-weight pigs to ensure uniformity in the group some time after the first groups have been established. However, this practice involves additional mixing and associated welfare issues along with extra labour. A smaller pig in a group may require less space compared with its larger pen mates. The additional space available (since the space allowance calculation is based on average body weight of pigs in the group) may be utilized by pigs of higher body weight to meet their space needs and to meet a satisfactory level of production and welfare. However, the manner in which groups of pigs with uniform and varying initial body weights perform in terms of production and welfare at different space allowances at different stages of growth needs to be studied so that the space requirement for a fixed group size with pigs of similar or varying initial body weight can be determined to minimize the cost and improve pig welfare. This effect has not been addressed in previous studies with either system of space requirement calculations. Therefore, it is important to study the performance and welfare of pigs in uniform and varying weight groups (based on uniformity and variation of body weights of pigs at the time of allocation within a pen) without removal and remixing of pigs to ensure uniformity in weight within the group. Although the allometric space need for any given stage can be estimated, it is not feasible at the producer level to change pen size at frequent intervals. Therefore, it is important to determine the space needed for a predetermined final market weight so that pigs will not be compromised during their stay in the pen. Furthermore, providing space allowance calculated based on the k for a pre-determined market weight from the start of the feeding period would eliminate the need to adjust area of the pen or group size and thus the possible confounding effect of space and group size. In this study, it has been hypothesized that the performance and welfare of pigs improve with increasing space allowance calculated using k. It is also hypothesized that the performance and welfare of pigs improve by allocating pigs of differing body weights to a group rather than allocating pigs of uniform body weight. The present study evaluated these hypotheses by assessing the effect of four allometric space allowances based on a final market weight of 116 kg and two weight group composition treatments on production performance and welfare indicators of growerfinisher pigs on fully slatted floors.
MATERIALS AND METHODS

Experimental Design and Housing
The Institutional Animal Care and Use Committee of the University of Minnesota approved this study, conducted in a commercial farm in Eastern Minnesota, following a 4 × 2 factorial design (four space allowance and two types of body weight compositions) across 32 pens, 16 pens each in two adjacent identical barns on the same farm. Treatments were evenly represented and randomly distributed within each barn. Each pen had fully slatted flooring, a five-place dry wean to finish feeder and two cup waterers. Barrows (Yorkshire × Landrace × Hampshire × Duroc commercial crosses of 30.56 ± 0.15 kg BW) were randomly allocated to four space treatments based on four values of k (0.034, 0.031, 0.027 and 0.037) calculated for the final anticipated market weight of 116 kg and maintained up to a market weight of 116 kg. The k values used in this study represented the k value recommended by Baxter (1984) , 10 and 20% lower and 10% higher than that for the final market weight of 116 kg. The current industry recommendation (National Pork Board 2003) for 68 kg to market weight is 0.74 m 2 pig -1 in groups. Assuming that pigs are marketed at approximately 116 kg, the corresponding k value for 0.74 m 2 pig -1 is 0.031. Thus, the selected k values represent 10 and 20% higher and 10% lower space allowances than those recommended by the industry. The four final space allowance treatments based on k for the anticipated 116 kg body weight were 0.81, 0.74, 0.64 and 0.88 m 2 pig -1 designated as SA0.81, SA0.74, SA0.64 and SA0.88, respectively. The group composition treatments based on uniformity and variation of body weights of pigs within a pen at the beginning of the experiment included pigs of uniform (pigs of BW above the 25th and below the 75th percentiles of the pigs included in the study) or varying body weights (pigs of BW below the 25th and above the 75th percentiles of the pigs included in the study). The group sizes were kept constant at 19 pigs per pen. The size of the pen was altered to achieve the proposed k value in each case by adjusting the gating. In the event of a pig death or removal, pen size was adjusted to maintain the proposed k values. The pens were rectangular, on either side of the middle alleyway of the barn, with the shorter sides along the alleyway and outer wall of the barn. Area was adjusted by moving the pen wall along the alleyway towards the inner side of the pen. The feeders and waterers were fixed on the pen wall separating adjacent pens. Therefore, pen area adjustment had only minimal effect on the distance from the feeder and waterer for the pigs inside the pen. The pigs received a corn-soybean meal based diet. The diets met or exceeded NRC (1998) standards. All pigs had ad libitum access to feed and water. Paylean (ractopamine hydrochloride, Elanco Animal Health, Greenfield, IN) was added (10 ppm) to the feed from week 13 of the trial onwards. Pigs were individually weighed at the start, once every 2 wk up to week 6 and weekly thereafter up to week 14 of the trial. Pigs began to be marketed from week 15 onwards and the endpoint of the study was at the first pull out. Five focal pigs were randomly identified from each pen at the start of the trial for behaviour, injury and cortisol assessment.
Measurements
Average Daily Gain and Pen Efficiency
The ADG was determined from weekly weights and pen efficiency was determined by calculating daily gain per square meter of floor space.
Salivary Cortisol
Saliva samples were collected from focal pigs using a salivette with cotton wool swab (SARSTEDT, Aktiengesellschaft and Co, Numbrecht, Germany). Saliva collection started in all pens simultaneously when a pig in any one of the pens reached a body weight of 75 kg (week 4) and at weekly intervals thereafter. Pigs were allowed to chew the cottonwool swab clipped to a flexible thin metal rod until the swab was thoroughly moistened. Care was taken to keep the pigs minimally disturbed to avoid activity during saliva collection. Saliva samples were collected between 0700 to1100 on all collection days. Approximately 3 min were needed to collect saliva from a pig. The salivette with moistened cotton swabs were centrifuged at 400 × g for 5 min to extract saliva and kept frozen at -20°C until radioimmunoassay. Approximately 0.5 mL of saliva was obtained from each swab. The solid phase cortisol radioimmunoassay kit, (Coat-A-Count TKCO, Diagnostic Products Corporation, Los Angeles, CA) was modified (Ruis et al. 1997 ) to measure cortisol concentrations in saliva. Phosphate buffered solution (0.01 M and pH 7.2) was used to dilute the supplied human serum based calibrators to final cortisol concentrations of 0.000 (maximum binding or B0), 0.3125, 0.625, 1.25, 2.5, 5, 10, 20, and 40 ng mL -1 . Saliva samples and calibrators were analyzed in duplicate aliquots of 200 µL. After adding 125 I cortisol, tubes were mixed and incubated for 45 min. at 37°C. Following incubation, unbound 125 I cortisol was aspirated and the remaining radioactivity was counted using a gamma counter (Packard Instrument Company, Meriden, CT). The recovery rate of calibrator cortisol added to porcine saliva was determined by adding calibrator solutions to saliva containing both relatively high and low concentrations of endogenous cortisol. The recovery percentage of cortisol from the saliva was 102%. The assay was conducted in three runs. The intra-assay coefficients of variation calculated from duplicate low medium and high cortisol saliva pools were 6.9, 8.9 and 6.6%, respectively, for the three assays. The inter-assay coefficient of variation was 6.0%. Different amounts of calibrators added to the saliva samples gave a slope similar to that of the calibrator added to the buffer solution. The minimal detectable sensitivity (concentration at 92.4% of the maximum binding) of the assay was 0.31 ng mL -1 .
Behaviour
Behaviour of focal pigs in all pens was recorded using a time-lapse video recorder (Lorex SG7964, Strategic Vista International Inc. 300 Alden Road, Markham, ON) and high resolution bullet cameras with 3.6-mm lenses (123 CCTV Security Camera, PO Box 41855, Bakersfield, CA) for 8 h (8 daylight hours from 0800 to 1600) at 30H speed (12 fields per seconds). Behaviour recording started when pigs reached a mean body weight of 75 kg in any one of the pens (8 wk after the start of the study) and continued at bi-weekly intervals thereafter. Pigs were individually identified by large numbers marked on their back using a livestock marker. The cameras were fixed on the ceiling of the pen in such a way to view a complete pen. The frequency and duration of behaviours of focal pigs for the first 10 min of every hour for the 8 h period were analyzed from the videotape using The Observer ® software (Version 4.1; Noldus Information Technology Inc, Leesburg, USA). Videotapes were analyzed for the behaviours in the ethogram in Table 1 .
Injury Scores
Injuries of all focal pigs were scored after saliva collection. Injury scores were determined (de Koning 1984; Hodgkiss et al. 1998; Anil et al. 2003) on the basis of frequency and severity of wounds at defined body locations [right and left ear, snout, face, forehead, right and left shoulder, right and left forelimb, right and left sides of the neck, right and left side of the thorax, right and left flank, top of the back (dorsum), udder, right and left hind quarters (sacral, gluteal, tuber coxae, rump, perineal and anal regions), right and left hind limb, tail, and vulva]. If the depth of a wound was estimated to be > 0.5 cm, it was defined as a deep wound. A score of zero was given for no injury, one for mild injury (< 5 superficial wounds), two for obvious injury (5 to 10 superficial wounds, ≤ 3 deep wounds, or both), and three for severe injury (> 10 superficial wounds, > 3 deep wounds, or both). The total injury score (TIS) was calculated by adding injury scores for individual sites. The same individual did scoring on all pigs on each occasion.
Statistical Analysis
The pen was considered as the experimental unit. Data collected were described using mean and SE for continuous data. Total aggressive acts and total non-agonistic social interactions were calculated by adding agonistic (received or performed) and non-agonistic (received or performed) interactions, respectively, for behaviour analysis. The proportion of time spent on a specific behaviour was expressed as percentage of observation time and the number of occurrences in observation time was expressed as frequency of behaviour. In the present longitudinal data, repeated measurements were recorded on individual subjects over a period of time. Thus, there were "between-subject" (values change only from subject to subject and remain the same for all observations on a single subject) and "within-subject" (values differing from measurement to measurement) effects. A repeated measure ANOVA (Proc Mixed) with data collection time as the within subject factor and treatment as the between subject factor was performed for ADG, PE, injury levels, cortisol concentrations and behaviour. Since measurements on the same experimental unit were correlated, a first-order autoregressive covariance structure (Littell et al. 1998 ) was used. In all analyses, interactions between weight categories and space allowance per pig were included. Means were compared using Tukey's pairwise comparisons with the probability difference option (PDIFF). The standard deviations of BW of pigs in uniform and varying weight groups at the start and end of the trial (week 14) in different space allowance treatments were analyzed to assess the variations in body weights within a pen. Standard deviation of BW in uniform and varying weight categories were compared using an independent sample T test. All the analyses were performed using SAS (SAS Institute, Inc. 2003) . A P value of ≤ 0.05 was considered significant in the analyses.
RESULTS
Average Daily Gain and Market Weight
Final body weights and k values at the endpoint of the study (week 14) are presented in Table 2 . Weight groups, or interaction of weight groups with space allowance had no effect on ADG (P > 0.05 for all). The pigs in SA0.64 had lower (P < 0.05) ADG (0.859 ± 0.017) than those in SA0.88 (0.936 ± 0.020) and SA0.81 (0.916 ± 0.019) whereas pigs in SA0.64 and SA0.74 (0.905 ± 0.021) did not differ (P > 0.05) in ADG. The ADGs of pigs in SA0.88, SA0.81 and SA0.74 were also not different (P > 0.05). The ADG at different time points are presented in Fig. 1 .
The standard deviation of BW of pigs in uniform and varying weight groups at the start and end of the trial (week 14) in different space allowance treatments are presented in Table 3 . The standard deviations of BW of pigs were similar (P > 0.05) among space allowance treatments in uniform and varying weight groups at the start and end of the trial. The standard deviations of BW of pigs in uniform groups in all space allowance treatments were different (P < 0.05) from those of pigs in varying groups at the start of the trial, whereas the standard deviation of BW were similar (P > 0.05) at the end of the trial with the exception of standard deviation of BW of pigs in SA0.74 (P < 0.05).
Pen Efficiency
All space allowance treatments differed (P < 0.05 for all) from one another in overall PE (kg ADG m -2 space). Pigs in SA0.64 had higher (P < 0.05) overall PE (1.344 ± 0.027) than those in SA0.88 (1.063 ± 0.023) SA0.81 (1.131 ± 0.024) and SA0.74 (1.224 ± 0.029) allowance treatments.
Time periods were different (P < 0.05) with respect to PE (Fig. 2) with a minimum PE of 0.916 ± 0.0251 at week 2 and maximum at week 14 with Paylean feeding (1.543 ± 0.0365). Weight groups, or interaction of weight groups with space allowance had no significant (P > 0.05) effect on PE. Even though there were significant differences in PE at different time periods, these differences were not significant (P > 0.05) among the four space allowance treatments during the last 3 wk before slaughter (Fig. 2) .
Injury Levels
Weight categories or their interactions with space allowance treatment had no effect on TIS. Pigs in SA0.64 had higher (P < 0.05) TIS (4.581 ± 0.139) than those in SA0.88 (3.858 ± 0.208) and SA0.81 (3.855 ± 0.112), whereas pigs in SA0.74 (4.245 ± 0.121) and SA0.64 did not differ (P > 0.05) in TIS. The TIS of pigs in SA0.88, SA0.81 and SA0.74 were also not different (P > 0.05). Weight groups and interaction of weight groups with space allowance had no significant effect on TIS (P > 0.05 for both). Injury scores were different (P < 0.05) at different time points (Fig. 3) . The lowest average TIS were recorded on day 14 after the start of the trial (2.37 ± 0.129) and TIS increased towards the end of the grower-finisher period, reaching a maximum score of 6.31 ± 0.179 at week 14.
Salivary Cortisol Concentration
Cortisol concentrations (ng mL -1 ) did not differ (P > 0.05) with space allowance treatments (2.59 ± 0.093; 2.71 ± 0.132; 3.04 ± 0.134 and 2.90 ± 0.128, respectively, for SA0.88, SA0.81, SA0.74 and SA0.64), or with weight groups (2.70 ± 0.08 and 2.92 ± 0.09, respectively, for uniform and varying groups). No interaction effects between weight group and space allowance were observed on cortisol concentrations. However, cortisol concentration varied with time periods (Fig. 4) . The final stages (week 12, 13 and 14) had lower (P < 0.05) cortisol concentrations than all previous weeks.
Behaviour
Average number of aggressive interactions was higher (P < 0.05) in SA0.64 compared with that in SA0.88 and SA0.81 (Table 4) . Average number of aggressive interactions was the highest (P < 0.001) on week 10 (Table 5) . Weight groups or interaction of weight groups with space allowance treatments had no effect on the average number of total aggressive acts. Average number of non-agonistic social interactions and average number of feeder visits were not different (P > 0.05) among the four space allowance treatments (Table 4) at different time points (Table 5 ) or in different weight groups (Table 6 ). There was no interaction between weight groups and space allowance treatments. The proportion of time spent sitting varied (P < 0.05) with time points during the grower-finisher period with more time spent sitting observed in the last 2 weeks (week 12 and week 14) of the trial compared with weeks 8 and 10 (Table  5) . Pigs in SA0.64 spent less time (P < 0.05) lying in preferred areas with their bodies supported on the side walls of the pen, than pigs in SA0.88 and SA0.81 (Table 4) . Pigs spent more time (P < 0.05) lying on weeks 8 and 10 compared with weeks 12 and 14 (Table 5) . Pigs in varying weight groups spent more time lying in the preferred area (P < 0.05) than pigs in the uniform weight group (Table 6 ).
Less time (P < 0.05) was spent in lateral recumbency on weeks 12 and 14 than on weeks 8 and 10 (Table 5) . Space allowance, weight group or their interactions had no effect on the proportion of time spent in lateral recumbency.
Pigs in SA0.74 and SA0.64 spent less time (P < 0.05) lying isolated than pigs in SA0.81 (Table 4) . Pigs spent less time (P < 0.05) lying isolated on weeks 12 and 14 than on weeks 8 and 10 (Table 5 ). The proportion of time spent lying (irrespective of location, type of recumbency and lying pattern) varied with time points (P < 0.05); the lowest proportion on week 14 and highest on week 8 (Table 5) . The proportion of time spent standing was higher (P < 0.05) on weeks 12 and 14 than on week 10 (Table 5) . Exploratory behaviour was higher (P < 0.05) on week 14 than all other time points (Table 5 ). The uniform weight group displayed more (P < 0.05) exploratory behaviour than the varying weight group (Table 6) . Space allowance or interaction of space allowance with weight groups had no effect on the proportion of time spent on exploratory behaviour. The proportion of time spent walking was different (P < 0.05) at different time points (Table 5 ) and was higher (P < 0.05) in the uniform weight group than in the varying group (Table 6 ).
There were no recorded abnormal behaviours such as tail biting or ear chewing. However, it was observed that seven pigs from SA0.64 and 4 pigs from SA0.74 jumped out of their pen into the alleyway during the trial and none from other space allowance treatments.
DISCUSSION
Previous studies (Edwards et al. 1988; Gonyou and Stricklin 1998; Spoolder et al. 2000) that have eliminated the problem of confounding space and group size (space allowance was maintained constant throughout the trial period by adjusting pen space weekly, based on body weight measurements) and followed allometric calculation of space allowance to treatment groups have indicated the benefit of higher space allowance on daily gain in grower-finishers, as observed in the present study. However, direct comparisons are constrained because of the difference in k values and whether a constant amount of space (based on the k value treatment) was provided throughout the trial in those studies. In a trial with four k values (0.024, 0.027, 0.03 and 0.034), Edwards et al. (1988) reported that increasing space allowance increased live weight gain. Although the present results are in agreement with this, they differ from that of Edwards et al. (1988) in the range of k values and also in that the space allowances were calculated based on anticipated k value at a market weight of 116 kg, resulting in a gradual reduction in k from the start to the end of the trial. In Edwards et al. (1988) study, pigs were provided with constant space throughout the trial based on the k value by weekly adjustment of pen size. Gonyou et al. (2006) analyzed previously reported data and suggested a critical k value range of 0.0317 to 0.0348, below which ADG appeared to decline. Similarly, Gonyou and Stricklin (1998) have reported that decreasing floor area allowance below a k value of 0.030 resulted in a 5% reduction of ADG compared with a k value of 0.039. Other studies without confounding of space and (Brumm and NCR-89 Committee 1996) , 0.04 (NCR-89 Committee 1993) have been suggested to be optimum for maximum gain. The present trial indicated that SA0.81 and SA0.88 ( k values of 0.034 and 0.037, respectively) ensured higher ADG, which is comparable to the range of k suggested by Brumm and NCR-89 Committee (1996) . However, ADG corresponding to SA0.74 (k value of 0.031), lower than that suggested by Brumm and NCR-89 Committee (1996) , was not different from the ADG of higher space allowances in this trial.
The repartitioning effect of Paylean on nutrients (Watkins et al. 1990; Crome et al. 1996) could be responsible for the increase in ADG during the last week despite a reduction in space. Brumm et al. (2004) reported a higher ADG for ractopamine-fed pigs in comparison to no ractopamine feeding and that the response to ractopamine feeding was similar in different stocking densities. However, in the present study, response to ractopamine feeding at different space allowances was not assessed.
Since the k values were fixed for the final anticipated market weight of 116 kg, all groups in this study experienced higher k values (0.091, 0.084, 0.076 and 0.067 for 0.037, 0.034, 0.031 and 0.027 k, respectively) at the start of the trial. The reduction in ADG during early stages of growth despite higher k, commonly referred to as growth lag (Mahan and Lepine 1991) is not necessarily dependent on space allowance alone.
The present finding of no significant difference in standard deviation of BWs of pigs in uniform and varying groups at the end of the trial at the lowest and higher space allowances is in agreement with Gonyou (2003) , who reported that beneficial effects of sorting by weight may be evident only if resources (such as feed) are limited and easily defendable and, therefore, grower-finisher pigs fed ad libitum may not benefit from sorting by weight. McGlone et al. (1987) reported a lack of difference in performance among pigs grouped with varying degrees of weight variation. This finding also supports the present observation even though it was based on a 28-d trial. Minimizing variation in the weight of market pigs has a large economic advantage (Brumm et al. 2002) , and variation in performance has been suggested to be an important hidden cost that is difficult to quantify (Payne et al. 1999) . Although a significant difference in standard deviations of BWs was observed at the end of the trail in SA0.74, no such difference was observed in other space allowance treatments higher or lower than SA0.74. Thus, beneficial effects of higher space allowance in ensuring uniformity at market was not proven in this experiment.
Pen efficiency indicates the amount of body mass gain per unit area. Maximum utilization of pen space is an important economic variable. Higher PE at lower space allowance as observed in this study has been reported previously (Powell and Brumm 1992) . The higher PE during the last week of the grower-finisher period could be associated with ractopamine feeding and its effect on ADG. Time periods in effect represent the actual k available to pigs in the pen. However, the lack of difference in PE among different space allowance in the last 3 wk of the grower-finisher stage indicated that PE was not adversely affected by an increase in space, since the ADG was also high at higher space allowances. This suggests that provision of higher space allowance may not affect the overall output.
Studies analyzing the effect of space allowance on injury levels in pigs are limited. An increase in frequency of lesions has been suggested to indicate inadequate environment (de Koning 1984) such as limited space. The increase in agonistic behaviour at lower space allowances (Ewbank and Bryant 1972; Meunier-Salaun et al. 1987 ) may be responsible for an increase in injury levels when space allowance is less. A high correlation between observed incidence of play/fight behaviour and lesion scores has previously been observed (Francis et al. 1996) . Weng et al. (1998) have reported that though a reduction in space may inhibit initial aggression, it may increase aggression in stable groups in the long term. Although overall injury levels decreased with increase in space allowance, an increase in Table 6 . Number (mean ± SE) and proportion of time (% of observation time z ) spent on various behaviours (mean ± SE) by the grower-finisher pigs (N = 160) in uniform (pigs of BW above the 25th and below the 75th percentiles of the pigs included in the study) and varying weight (pigs of BW below the 25th and above the 75th percentiles of the pigs included in the study) groups space allowance from SA0.64 to SA0.74 did not result in a significant reduction in injury. A higher injury score in the later grower-finisher period (Fig. 3 ) may be associated with a progressive reduction in available space within the pen. Jensen (1984) reported that frequency of interactions such as those involving bites increased significantly at lower space allowances. There are two probable reasons for higher injury scores when space is reduced. Reduced space may result in increased competition for resting space, which may also increase aggression and injuries. In addition, when animals grow it may be difficult for all pigs to simultaneously occupy the feeder even though the number of feeder spaces remains the same. Competition to gain access to a feeder and maintain it may also cause aggression. Even if feeding is ad libitum, social facilitation may motivate pigs to eat simultaneously resulting in competition and aggression.
Increased activity levels have been reported to be associated with an increase in corticosteroid concentrations (Davies and Few 1973; Selye 1976; Marc et al. 2000; Janett et al. 2006; Wong and Harber 2006) . The activity levels at different stages were not compared in this study; however, it is likely that pigs were more active during early stages when they were smaller and there was more available space in all space allowance treatments. Young pigs are reported to spend 40-60% of their time lying (Kuipers and Whatson 1979; Blackshaw 1981 ) while pigs of 100-kg body weight may spend up to 87.5% of their time lying (Ekkel et al. 2003) . The low cortisol levels at later stages of the growerfinisher period observed in this study (Fig. 4) , therefore, could be explained based on the low activity levels compared with the earlier stages of the grower-finisher period. It is also probable that the pigs might have adjusted to the situation and this adaptation could have resulted in lower cortisol concentrations at later stages. Further, age of the piglets may also have influenced the salivary cortisol concentrations. It has been reported that the plasma cortisol concentrations were higher in 50-d-old lambs compared with 100-d-old lambs in a transportation study (Sowinska et al. 2006) . Although the time spent lying was lower at later stages of the grower-finisher period in this study, it was mostly due to lack of space and not due to engagement in other activities. The reduction in activity could have lowered the cortisol concentrations when actual space allowance experienced by the pigs was lower at later stages of growth though it disagrees with previous reports of elevation in plasma cortisol concentrations in space restricted pigs (Warnier and Zayan 1985; Hemsworth et al. 1986; Barnett et al. 1992) . Basal cortisol concentrations were reported to be not elevated by space restriction in studies by Pearce and Paterson (1993) and Meunier-Salaun et al. (1987) , which agrees with the results of this study. However, basal cortisol may not be the best indicator of chronic stress because of the adaptation over time of the HPA axis. Further, the episodic and irregular nature of corticosteroid release may make even hourly sampling inadequate to indicate stress levels (Rushen 1991) . For the assessment of a situation of chronic stress, measurement of HPA-axis activity may be necessary which is based on the assumption that chronic stress results in hyper-reactivity of the adrenal cortex.
Pigs involved in this study were in static groups and therefore, postural and locomotion behaviours were also analyzed in addition to social behaviour to assess the welfare of pigs in the treatment groups. More frequent aggressive acts (Table 4 ) and higher injury scores in SA0.64 compared with SA0.88 and SA0.81 are in line with the finding that reducing space allowance below pigs' spatial preference can cause behavioural changes indicative of compromised welfare (Pearce and Paterson 1993). However, an increase in space allowance from SA0.64 to SA0.74 did not result in significant benefits. Fewer attacks, threats and displacements at higher floor space allowance of 1.64 m 2 pig -1 compared with 1.25 and 0.82 m 2 pig -1 have previously been reported (Randolph et al. 1981) . The present findings are also supported by other studies wherein increased agonistic behaviour has been reported to be associated with decreasing space allowance (Ewbank and Bryant 1972) . However, higher aggression and cortisol values observed on week 10 compared with the other time points could not be explained.
A greater proportion of time spent sitting when space availability decreased could be due to increased body mass, making it difficult to get involved in activities. Inactivity has been suggested as a coping mechanism of pigs to an unsuitable environment (Wood-Gush et al. 1983 ) and may be indicative of reduced welfare (Pearce and Paterson 1993). Based on a study in group-housed sows, Weng et al. (1998) reported that the time spent sitting was higher at a lower space allowance of 2 m 2 pig -1 than 3.6 or 4.8 m 2 pig -1 . Pearce and Paterson (1993) also reported more time spent sitting in a higher stocking density with a k value of 0.025 compared with a lower stocking density with a k value of 0.048. Baxter (1984) reported that pigs in groups prefer to lie down close to the side walls or at the corners rather than at the centre of the pen or near the feeder to avoid disturbance from other pigs. Lack of space appears to influence the ability of pigs to occupy preferred resting places. In the present study, pigs in the lower space allowance treatments spent less time lying in the preferred areas. However, an increase in space allowance from SA0.64 to SA0.74 did not result in a significant increase in the proportion of time spent lying in the preferred area. Pigs in varying weight group were able to spend more time lying in preferred locations, which may be due to a more prominent dominance hierarchy in that group compared with the uniform weight group (Curtis 1998) .
Lack of space with pigs growing in size could also have reduced the available space and opportunities for activities and proportion of time spent lying. Physical dimension of the animal and its behaviour are the primary determinants of space. For lateral and sternal recumbencies pigs require spaces corresponding to k values of 0.047 and 0.019, respectively (Petherick and Baxter 1981) . Full recumbency is reported to be the most preferred lying position (Ekkel et al. 2003) . Huynh et al. (2005) observed the lying behaviour of the pigs at different room temperatures and levels of relative humidity and reported that on an average 72% of pigs were observed in lateral recumbency. Increased body mass and consequent reduction in space could have resulted in a greater proportion of time spent lying in sternal rather than lateral recumbency towards the later stages of the growerfinisher period. The space available in terms of k value during the last 4 wk was clearly lower than that suggested by Petherick and Baxter (1981) as required for lateral recumbency. Meunier-Salaun et al. (1987) have reported that sternum resting was more frequent than resting on the side when body weight reached 60-70 kg. A greater proportion of time spent in lateral recumbency at lower densities has also been reported by Pearce and Paterson (1993) . Lack of space, especially at later stages, could have been a reason for the smaller proportion of time spent lying isolated in the lower space allowance treatments and at later stages of the grower-finisher period. It has been reported that when provided with a space allowance based on a k value of 0.033, pigs prefer to lie down with their limbs extended and with only some contact with pen mates (Ekkel et al. 2003) . Less time spent lying, irrespective of location and lying posture at later stages could also be due to lack of space at that stage. Pigs exhibit long periods of rest or inactivity (Hafez and Signoret 1969; Ruckbusch 1972; Fraser and Broom 1990; Tober 1996) and therefore the reduction in proportion of time spent lying can be a welfare concern. Bryant and Ewbank (1974) and Heitman et al. (1961) have observed that increased stocking rate increases the amount of time spent standing or walking. This increase in time spent standing could have resulted in higher proportion of time spent on exploration observed in this study because it is more likely for pigs to explore their environment when they are standing or walking than when they are lying down. This also explains the higher proportion of time spent on exploration in the uniform weight group, where the proportion of time spent walking and standing is greater than that in varying group (Table 6 ). However, this finding is not in accordance with that of Weng et al. (1998) , who found that frequency of rooting, an important exploratory behaviour, was lower at low space allowance. Similarly, Pearce and Paterson (1993) observed higher frequencies of exploratory behaviour at lower stocking densities. An increase in time spent on exploratory behaviour, though viewed as an important component of pig welfare (Wood-Gush and Vestergaard 1993) may not be a true indicator of welfare in the present study as the comparison involved only the last four time points. Further, exploration alone is not an adequate indicator of welfare. It has been reported that an increased stocking rate may decrease the amount of time spent sleeping and resting (Heitman et al. 1961 ), which in turn may increase the time spent walking or standing and consequently on exploration, as observed at later stages in the present study.
The results suggested welfare benefits in terms of postural behaviour, lower injuries and aggression associated with higher space allowance. Allotting grower-finishers according to uniformity or variation in body weight may not provide any differential benefit in overall welfare. Although a beneficial effect was observed in terms of injury scores, aggression and lying behaviour by increasing space allowance, an increase in k from 0.027 to 0.031 did not result in significant benefit. Similarly, reducing k from 0.034 to 0.031 also did not cause further disadvantages in terms of lying behaviour, injuries and aggression.
In conclusion, there were significant differences in ADG among pigs in various space allowance treatment groups, with lower ADG at SA0.64 compared with that at SA0.81 and SA0.88. Comparable PE in all the space allowance treatments at the end of the trial indicated that increasing space allowance might not necessarily take away economic benefit. Allotting grower-finishers according to uniformity or variation in body weight may not provide any differential benefit in ADG. Floor space allowance considering the final market weight, corresponding to k values of 0.037 and 0.034 appeared to be acceptable in comparison to a k value of 0.027 in terms of ADG and welfare indicators when grower-finish pigs were housed on fully slatted floor. The lack of a linear trend in both performance and welfare indicators suggests that further studies are needed with intermediate k values to evaluate the effect of space allowance on production performance and welfare of grower-finisher pigs.
